Introduction {#Sec1}
============

In this paper, we will analysis the convergence of iterative learning control initial state error of the following fractional system: $$\documentclass[12pt]{minimal}
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Iterative learning control (ILC) was shown by Uchiyama in 1978 (in Japanese), but only few people noticed it, Arimoto *et al.* developed the ILC idea and studied the effective algorithm until 1984, they made it to be the iterative learning control theory, more and more people paid attention to it.

The fractional calculus and fractional difference equations have attracted lots of authors during in the past years, they published some outstanding work \[[@CR1]--[@CR12]\], because they described many phenomena in engineering, physics, science, and controllability. The work of fractional order systems in iterative learning control appeared in 2001, and extensive attention has been paid to this field and great progress has been made in the following 15 years \[[@CR13]--[@CR19]\], many fractional nonlinear systems were researched \[[@CR20]--[@CR23]\]. To our knowledge, it has not been studied very extensively. In the study of iterative control theory, assume that the initial state of each run is on the desired trajectory, however, the actual operation often causes some error from the iterative initial state to the desired trajectory, so we consider the system ([1](#Equ1){ref-type=""}) and study the convergence of the learning law.

Motivated by the above mentioned works, the rest of this paper is organized as follows: In Section [2](#Sec2){ref-type="sec"}, we will show some definitions and preliminaries which will be used in the following parts. In Sections [3](#Sec3){ref-type="sec"} and [4](#Sec4){ref-type="sec"}, we give some results for P-type ILC for some fractional system. In Section [5](#Sec5){ref-type="sec"}, some simulation examples are given to illustrate our main results.

In this paper, the norm for the *n*-dimensional vector $\documentclass[12pt]{minimal}
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Some preliminaries for some fractional system {#Sec2}
=============================================

In this section, we will give some definitions and preliminaries which will be used in the paper, for more information, one can see \[[@CR1]--[@CR4]\].

Definition 2.1 {#FPar1}
--------------
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Definition 2.2 {#FPar2}
--------------

Caputo's derivative for a function $\documentclass[12pt]{minimal}
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Definition 2.3 {#FPar3}
--------------

The definition of the two-parameter function of the Mittag-Leffler type is described by $$\documentclass[12pt]{minimal}
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Now, according to \[[@CR24]--[@CR29]\], we shall give the following lemma.

Lemma 2.4 {#FPar4}
---------

*The general solution of equation* ([1](#Equ1){ref-type=""}) *is given by* $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document} $$\begin{aligned}& x(t)= S_{\alpha,1}(A,t)x_{0}+ \int_{0}^{t}S_{\alpha,\alpha}(A,t-s)Bu(s)\,ds, \\& S_{\alpha,\beta}(A,t)=\sum_{k=0}^{\infty} \frac{A^{k}t^{\alpha k+\beta -1}}{\Gamma(\alpha k+\beta)}. \end{aligned}$$ \end{document}$$

Lemma 2.5 {#FPar5}
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Open and closed-loop case {#Sec3}
=========================

In this section, we consider the following fractional equation: $\documentclass[12pt]{minimal}
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For equation ([4](#Equ4){ref-type=""}), we apply the following open and closed-loop P-type ILC algorithm, $\documentclass[12pt]{minimal}
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We make the following assumptions: $\documentclass[12pt]{minimal}
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Theorem 3.1 {#FPar6}
-----------

*Assume that the open and closed*-*loop P*-*type ILC algorithm* ([5](#Equ5){ref-type=""}) *is used*, (H1) *and* (H2) *hold*, *let* $\documentclass[12pt]{minimal}
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Proof {#FPar7}
-----

According to ([2](#Equ2){ref-type=""}), ([5](#Equ5){ref-type=""}), and ([6](#Equ6){ref-type=""}), we know $$\documentclass[12pt]{minimal}
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P-type ILC for some fractional system with random disturbance {#Sec4}
=============================================================

In this section, we consider the following fractional equation: $\documentclass[12pt]{minimal}
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-----
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Corollary 4.2 {#FPar12}
-------------
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-----
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Simulations {#Sec5}
===========

In this section, we will give two simulation examples to demonstrate the validity of the algorithms.

P-type ILC with initial state error {#Sec6}
-----------------------------------
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P-type ILC with random disturbance {#Sec7}
----------------------------------

Consider the following P-type ILC system: $$\documentclass[12pt]{minimal}
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From Figures [3](#Fig3){ref-type="fig"}-[8](#Fig8){ref-type="fig"} and Table [1](#Tab1){ref-type="table"}, we find the tracking error tends to zero within 7 iterations, so the output of the system can track the desired trajectory almost perfectly. By comparing three cases, when $\documentclass[12pt]{minimal}
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